Background: Hospice use has increased substantially during the past decade by an increasingly diverse patient population; however, little is known about patterns of hospice use and how these patterns have changed during the past decade.
T he diversity of the patient population using hospice has increased dramatically during the past decade in terms of patient diagnosis, age, race, and geographic region. 1 Although increased use of hospice for individuals with a range of diagnoses and demographic characteristics is generally perceived to be positive for patients and families, recent studies have also documented concerning patterns of hospice use including late referral to hospice, exceedingly long hospice enrollment, and hospice disenrollment. [1] [2] [3] [4] [5] There have been no national studies, however, to comprehensively examine the prevalence of these hospice utilization patterns in 1 dataset, and to compare contemporary national data with historical data to understand how these patterns may have shifted over time.
One concerning pattern of hospice use is having particularly short or long enrollment periods. Short hospice enrollment (ie, receiving hospice care for r1 wk) may not allow enough time for the patient and family to experience the full benefit of the hospice care team and is associated with poor outcomes for patients and families. [6] [7] [8] [9] Exceedingly long hospice enrollment (ie, receiving hospice care for >6 mo) may indicate inappropriate referral to hospice although the impact on patients and families is unknown. The Centers for Medicare & Medicaid Innovation Center's recent announcement 10 of a pilot program to evaluate the timing of hospice initiation demonstrates the urgent need to address potential barriers to timely and appropriate hospice use.
A second pattern of hospice use associated with poor outcomes for patients and families is hospice disenrollment. An estimated 8%-18% of patients each year disenroll from hospice 3, [11] [12] [13] [14] [15] and the disenrollment rate at hospice agencies has been found to range from 0% at some hospices to 38% at others, 3 with for-profit hospices having higher disenrollment rates than nonprofit hospices. 11, 15 Although hospice disenrollment may be initiated by either the patient (eg, if the patient wishes to pursue curative care or is dissatisfied with hospice) or the hospice (eg, if the patient no longer meets eligibility criteria or to avoid costly hospitalizations), some have suggested that increasing use of hospice has resulted from enrollment of patients who are not expected to die within 6 months. 2 It is also generally believed that hospice disenrollment is primarily driven by patients with diagnoses other than cancer, for whom accurate prognostication is more difficult. We lack data, however, on the extent to which hospice disenrollment rates have changed over the last decade as the proportion of hospice users with noncancer diagnoses has increased.
To address these gaps, we analyzed data from all feefor-service Medicare beneficiaries who used hospice in 2000 and 2010, which comprises 84% of all hospice users in the United States. 1 We estimated hospice use by region and describe the characteristics of hospice users and how they have changed during the past decade. We determined the prevalence of hospice utilization patterns including very short and very long hospice enrollment, and hospice disenrollment and identified the patient-level and hospice-level factors associated with these patterns. To the extent that increasing use of hospice reflects increases in very short or very long enrollment periods, or increases in the proportion of patients who disenroll, interventions to improve the timing and appropriateness of hospice referral may be warranted.
METHODS

Study Design and Sample
We conducted a cross-sectional analysis using Medicare hospice claims data for all fee-for-service Medicare beneficiaries who used hospice in 2000 (N = 529,573) and all who used hospice in 2010 (N = 1, 150, 194) . We calculated hospice use in total and by region using the Medicare hospice claims for decedents in 2000 and 2010 combined with data from the Centers for Disease Control and Prevention regarding US deaths for individuals aged 65 and older in 2000 and 2010. 16 For analyses of hospice utilization patterns (ie, length of hospice enrollment and hospice disenrollment), we used the subsample of all fee-for-service Medicare beneficiaries who first enrolled with hospice in the first quarter of 2000 (N = 119,564) and the first quarter of 2010 (N = 245,777) to ensure that we had a long enough follow-up period to measure length of enrollment and disenrollment in that calendar year. We obtained hospice ownership information by linking by hospice provider number in the Medicare hospice claims data to the Medicare Provider of Services data for 2000 and 2010.
Measures
We calculated hospice use for decedents aged 65 and older in total and by region in 2000 and 2010 by dividing the number of Medicare decedents who died while enrolled with hospice (obtained from the Medicare hospice claims) by the total number of decedents in the United States aged 65 and older (obtained from the Centers for Disease Control and Prevention). We measured the length of hospice enrollment as the number of days from the individual's hospice start date on their first hospice claim to their death or hospice disenrollment. For the subset of individuals with multiple hospice enrollment periods, we measured the length of hospice enrollment as the sum of all enrollment periods. We identified individuals as having disenrolled from hospice if: (1) they had only 1 hospice enrollment period and the patient status indicator code on the final hospice claim indicated that the patient was discharged (rather than died) and there was no date of death on the final hospice claim; or (2) if they had >1 hospice enrollment period.
Patient demographic characteristics were sex, age (categorized as <65, 65-69, 70-74, 75-79, 80-84, and Z85), and race/ethnicity (white, black, Hispanic, Asian, other). The individual's primary diagnosis was based on International Classification of Diseases, Ninth Revision (ICD-9) codes and categorized as follows: neoplasms; mental disorders; diseases of the nervous system and sense organs; diseases of the circulatory system; diseases of the respiratory system; symptoms, signs, and ill-defined conditions; and other. We also included the year the individual received hospice care (2000 or 2010) and the census region in which the patient lived. Hospice agency characteristics were: ownership (for-profit, nonprofit, and government/other obtained from the Medicare Provider of Services file), and size (calculated from the Medicare claims data as the annual number of individuals cared for by the hospice categorized at the quartiles of the distribution as <250, 250-599, 600-1299, and Z1300).
Statistical Analyses
We summarized the characteristics of hospice users and the hospice agencies that cared for them in 2000 and 2010. We compared the prevalence of hospice utilization patterns (ie, very short hospice enrollment, very long hospice enrollment, hospice disenrollment) by patient characteristics, hospice characteristics, and year using t tests and w 2 tests, as appropriate. We used multivariable logistic generalized estimating equations 17 to estimate the associations between our outcomes and patient and hospice characteristics. All tests were performed using techniques to account for the clustering of patient observations within hospices. We performed all analyses using the statistical software SAS, version 9.2 (Cary, NC).
RESULTS
Hospice Use
The percentage of Medicare decedents older than 65 years who received care from a Medicare-certified hospice increased from 15.9% in 2000 to 32.3% in 2010 and varied by region ( Fig. 1 ). The number of Medicare hospice users more than doubled during the decade (620,621 additional hospice users, a 117% increase) ( Table 1 ). The proportion of hospice users aged 85 and older increased more than any other age category. In 2010, hospice users aged 85 and older comprised 46% of all hospice users and increased by 356,870 (or 203%) from 2000 to 2010. The proportion of hospice users by race remained fairly stable from 2000 to 2010 with approximately 88%-89% of hospice users white, 7%-8% black, 1%-2% Hispanic, and 1%-2% other races. The greatest increase in hospice use by primary diagnosis category was for individuals with "symptoms, signs, and illdefined conditions" (164,644 additional hospice users, a 501% increase). The second highest percentage increase in primary diagnosis category during the past decade was for individuals with a primary diagnosis of a mental disorder, which includes dementia (91,733 additional hospice users, a 327% increase).
Consistent with reports regarding the increase in the number of for-profit hospices in the United States in the past decade, 1,18 the number of individuals cared for by for-profit 
Hospice Utilization Patterns
In 2010, more than half (53.4%) of hospice users were either enrolled for a very short or very long period of time or disenrolled before death, an increase from 48.5% in 2000 ( Fig. 2) . Of hospice users with very short or very long enrollment periods or disenrollment, a consistently higher proportion had a noncancer diagnosis than a cancer diagnosis and this differential increased from 2000 to 2010 for each hospice utilization pattern measured (Fig. 2) . In 2010, approximately (32.4%) of hospice users had a very short (r1 wk) enrollment period, 13.9% had a very long enrollment period ( > 6 mo) and 10.6% disenrolled (Fig. 2) . The proportion of hospice users who disenrolled from hospice before death has declined slightly (2.6 percentage points) over the past decade, primarily because of a decline in disenrollment for patients with cancer (4.3 percentage point decline). For hospice users with a noncancer diagnosis, the proportion with either very short or very long enrollment or disenrollment is significantly higher than for patients with a diagnosis of cancer (59.0% vs. 41.1% in 2010, P < 0.001) (results not shown).
Almost all individuals (95.4% in 2000 and 93.2% in 2010) had a single stay with hospice. The proportion of patients who disenrolled from hospice and reenrolled with hospice at a later date was 4.1% in 2000 and 6.0% in 2010. Fewer than 1% of patients in each year exhibited a pattern of >2 hospice enrollment and disenrollment episodes. Hospice disenrollment was significantly higher at for-profit compared with nonprofit hospices for both the subgroup of patients with cancer and the subgroup of patients with diagnoses other than cancer (Fig. 3 ).
Factors Associated With Patterns of Hospice Use
In multivariable analysis (Table 2) , the strongest factor associated with having a very short or long enrollment period or hospice disenrollment before death was having a primary diagnosis other than cancer. Individuals with noncancer diagnoses had approximately twice the odds of experiencing the hospice utilization patterns evaluated.
In terms of demographic factors, men were more likely to have very short hospice enrollment periods and less likely to have very long enrollment periods. Older individuals were less likely to have very short enrollment periods and to disenroll but were more likely to have very long enrollment periods. Individuals who were black were less likely to have very short hospice enrollment periods and more likely to have very long enrollment periods. Individuals who were nonwhite were significantly more likely to disenroll from hospice than those who were white.
For-profit hospice ownership and hospice size were both significantly associated with hospice utilization patterns. Individuals cared for by for-profit hospices were more likely to be enrolled for >6 months, were more likely to disenroll from hospice, but were less likely to enroll with hospice for r1 week compared with those cared for by nonprofit hospices. Individuals cared for by larger hospices were more likely to receive hospice for a week or less. Larger hospice size was inversely related to very long hospice stays ( > 6 mo) and hospice disenrollment. 
DISCUSSION
More than half of all patients used hospice either for very short or very long time periods or disenrolled before death. This proportion has increased almost 5 percentage points over the decade in conjunction with a 2-fold increase in hospice use. Although we found that more traditional use of hospice (ie, enrollment between 1 wk and 6 mo and ending in death) is more likely for patients with cancer compared with other diagnoses, the prevalence of more problematic patterns of hospice use for patients with cancer is also fairly high at 41%. The change in hospice utilization patterns in 2000 and 2010 may be due to a number of potentially counteracting effects. First, the growth of nonhospice pal-liative care options during the past decade 19 may have acted as a substitute for hospice enrollment early in a patient's course of illness, leading to hospice referral only in the last week of life. Simultaneously, however, greater awareness and understanding during the past decade of the benefits and appropriate timing of hospice referral may have led to more timely hospice enrollment and reduced disenrollment. Additional research regarding these potential influences on the timing of hospice referral and disenrollment are needed.
Hospice use has increased substantially by individuals across almost all demographic and clinical categories. In absolute terms, the greatest increases were among individuals aged 85 and older, individuals who are white, female, and for individuals with a primary diagnosis of "symptoms, signs, and ill-defined conditions." The significant increase (164,644 individuals or 501% increase from 2000 to 2010) in the number of individuals enrolled with hospice with a primary diagnosis of "symptoms, signs, and ill-defined conditions" is likely one of the reasons the Center for Medicare & Medicaid Services plans to restrict the use of nonspecific, symptom-classified diagnoses such as "debility" and "adult failure to thrive" (the main subcategories of "symptoms, signs, and ill-defined conditions") as the principal terminal diagnosis on hospice claims beginning in October 2014. 20 Although the reason for this change is not clear, it may be that Center for Medicare & Medicaid Services does not consider these to be terminal diagnoses and is concerned that hospices are increasingly enrolling individuals who are chronically ill rather than terminally ill. It may also be that individualized, patient-centered plans of care are more difficult to develop for patients with these conditions and, consequently, the patient may not receive the full benefit of hospice services.
In terms of hospice agency characteristics, for-profit hospices, large hospices, and hospices in the South Atlantic experienced the greatest increase in patients served. The increasing proportion of hospice users of 85 years of age and older has important implications for hospice teams. Individuals 85 years and older are more likely to have multiple chronic conditions relative to those younger than 85 21 and may be more likely to have a caregiver who is also 85 years or older and potentially less able to perform caregiver duties. The complexity and intensity of care required by a hospice may therefore be greater.
Our finding regarding the high prevalence of short hospice enrollment periods underscores the importance of the recently announced CCMI Medicare Care Choices pilot project. 10 The pilot seeks to determine the impact of concurrent hospice and life-prolonging care on patient quality of care and Medicare expenditures. Although there may be numerous factors causing short hospice enrollment periods, including physician reluctance or delay in having conversations about hospice and patient and family difficulty in accepting a terminal diagnosis, 4, 22, 23 the refusal of patients and families to stop life-prolonging treatment is likely a major barrier to earlier hospice enrollment. 24 Our finding that almost one third of patients with cancer, for whom prognostication is considered more accurate than for patients with noncancer diagnoses, 25 which suggests that the prohibition against concurrent life-prolonging and palliative care is an important barrier to earlier enrollment. In fact, our earlier work has shown that a substantial proportion of hospices will not enroll patients who desire such concurrent care. 28 Our study provides new results regarding how patient disenrollment varies by patient diagnosis and hospice ownership and how this has changed over the past decade. We find that although the patient disenrollment rate has declined during the past decade, it is consistently higher for patients with noncancer diagnoses than for those with cancer and is higher for patients (both those with cancer and those with noncancer diagnoses) cared for by for-profit hospices compared with nonprofit hospices. Given evidence of poor outcomes for patients who disenroll from hospice including higher rates of emergency department admission and hospital death, 12 hospice disenrollment rates and the reason for disenrollment should be a reportable hospice quality measure.
We found that an increasing proportion of hospice enrollment periods are >6 months. The structure of Medicare's hospice payment system makes longer hospice enrollment more profitable for hospices than shorter enrollment periods, 22 which may provide an incentive for hospices to pursue business models that maximize profit by enrolling patients more likely to have long stays, 22, 23 particularly for-profit hospices. From a patient quality perspective, the impact of very long hospice enrollment periods is unknown, however, it may be that alternatives to hospice care, for example, outpatient palliative care, may be more appropriate than hospice enrollment for some individuals. The increase in long hospice stays, however, may have a negative effect on Medicare expenditures given that the greatest costs savings from hospice use occur with enrollment periods of 15-30 days. 29 Regulatory measures, in addition to the existing aggregate annual cap, 5 may be necessary to reverse the trend in long hospice enrollment periods. Although the study has a number of strengths, including the 2 periods of data, the large sample size, and comprehensive approach of evaluating hospice utilization patterns, there are also limitations. For one, we are unable with our data to identify the reasons for differing hospice enrollment periods and hospice disenrollment. Future studies, which include patient and caregiver interviews, are needed to more thoroughly understand the hospice enrollment and disenrollment process. Second, our sample does not include individuals covered by managed care, private insurance, Medicaid, or charity care and thus our findings may not be generalizable to these groups. Our sample, however, reflects the 84% of patients and 88% of patient care days are covered by the Medicare Hospice Benefit. 1 Third, because this is a cross-sectional study of hospice users in 2000 and 2010, hospice stays that occur in the years before or after the years of our study will not be captured. For example, an individual who enrolls and disenrolls from hospice in 2009 and then reenrolls in the first quarter of 2010 will have a hospice enrollment period that is calculated only for use in 2010. Given our finding that only 5%-7% of hospice users have multiple hospice stays and our prior work finding that the median time from hospice disenrollment to reenrollment is 28 days, 12 this is not likely to materially impact our results. Similarly, because a small percentage (4% in 2000 and 8% in 2010) of our sample enrolled with hospice in the first quarter of the year, had very long hospice enrollment, and were still patients at the end of the calendar year, we do not know if they ultimately disenrolled from hospice and thus our estimates of hospice disenrollment may be understated. Finally, we estimated the associations between hospice utilization patterns and patient and hospice characteristics using odds ratios, which are higher than risk ratios given that study outcomes are common.
Increased use of hospice has the potential to provide high quality of care at the end of life to a growing number of patients and families. As the traditional hospice model of patients with cancer receiving hospice care from enrollment to death by local nonprofit providers has transitioned into a much more diverse patient population served by a more diverse hospice provider population, there are persisting patterns of hospice use that are concerning. Currently, more than half of individuals who enroll with a hospice program receive care for either r1 week, >6 months, or stop hospice care before death. Recognition of these patterns and the impact that they have on hospices' ability to provide high-quality pain and symptom management and caregiver support through the end of life are largely unknown. Current demonstration projects are critical in understanding and potentially addressing the barriers to these utilization patterns through public education, provider education, and financial incentives to curb these less than ideal patterns of end-of-life care.
